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NCAPD?2 is a favorable predictor of prognostic @
and immunotherapeutic biomarker

for multiple cancer types including lung

cancer
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Abstract

Background Non-SMC condensin | complex subunit D2 (NCAPD2) belongs to the chromosomal structural
maintenance family. While the different contribution of NCAPD2 to chromosome in mitosis have been thoroughly
investigated, much less is known about the expression of NCAPD2 in pan-cancer. Thus, we used a bioinformatics
dataset to conduct a pan-cancer analysis of NCAPD2 to determine its regulatory role in tumors.

Methods Multiple online databases were analyzed NCAPD2 gene expression, protein level, patient survival and
functional enrichment in pan-cancer. Genetic alteration and tumor stemness of NCAPD2 were analyzed using
cBioPortal and SangerBox. The GSCA and CellMiner were used to explore the relationship between NCAPD2 and drug
sensitivity. The diagnostic value of prognosis was evaluated by ROC curve. Subsequently, the immune infiltration level
and immune subtype of NCAPD?2 in lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC) were
analyzed using TIMERT and TISIDB.

Results NCAPD2 gene expression was significantly higher in most cancers and associated with clinical stage and
poor prognosis. Genomic heterogeneity of NCAPD2 promoted the occurrence and development of tumors. GO
enrichment analysis suggested NCAPD2 might be involved in DNA repair and immune response. NCAPD2 was
involved in immune infiltration of LUAD and LUSC. ROC curves showed that NCAPD2 has important prognosis
diagnostic value in LUAD and LUSC. Moreover, NCAPD2 was drug sensitive to topotecan, which may be an optimize
immunotherapy.

Conclusions It was found that NCAPD2 was overexpressed in pan-cancers, which was associated with poor
outcomes. Importantly, NCAPD2 could be a diagnostic marker and an immune related biomarker for LUAD and LUSC.
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Introduction

Tumorigenesis is a complex process involving oncogene
activation, genomic heterogeneity and epigenetic modifi-
cation [1]. Genomic instability contributes to tumor evo-
lution by heterogeneity under endogenous or exogenous
selection pressures [2]. Tumor heterogeneity is mainly
reflected in epigenetics, which is involved in regulating
gene expression and promoting tumor development [3].
Nonetheless, the concept of tumor heterogeneity also
applies to the diverse microenvironments in which tumor
cells interact [4]. This microenvironment is critical for
tumor initiation or growth. Therefore, immunotherapy
approaches with less toxicity and better responses are of
immediate need in the future.

The tumor microenvironment (TME) is a complex
tissue microenvironment which is composed of tumor
infiltrating immune cells (TIICs), stromal cells, other
secretory molecules and extracellular matrix [5]. Tumor
infiltrating lymphocytes (TILs) mainly play a role in
immune monitoring and kill cancer cells in TME, and
the activation of T cells in TILs can finely tune excessive
damage and autoimmunity responses [6, 7]. In the mean-
time, dendritic cells (DCs) can regulate immune response
and cancer-associated fibroblasts (CAFs) can increase
the proliferation of tumor cells [8, 9]. Recently, cancer
immunotherapy can effectively treat various cancers, but
it does not work well for the majority of patients among
certain cancer types [10, 11]. Thus, it is urgent need
to detect a biomarker to assess the response to these
immunotherapies.

Some researchers found that there are three subunits
of NCAPD2, NCAPG and NCAPG on chromosome
12p13.3, which together form the condensing protein
complex I. During the cell cycle, the involvement of
NCAPD2 in mitotic chromosome condensation and
segregation has been primarily studied as one of its key
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functions [12, 13]. In the past few years, some articles
reported that NCAPD2 appears to act a part in neu-
rodegenerative disorders, such as Alzheimer’s, autism
and Parkinson’s disease [14]. In HCC, NCAPD2 not
only acted as a hub gene, but also had diagnostic value
in tumor tissues [15]. Jing et al. found that NCAPD2
inhibited autophagy and promoted the proliferation
and migration of colorectal cancer cells via regulating
Ca**/CAMKK/AMPK/mTORC1 pathway and PARP-1/
SIRT1 axis [16]. In non-small-cell lung cancer, NCAPG
has been identified as a prognostic biomarker of immune
infiltration [17]. Whereas, the relationship between
NCAPD2 and immune infiltration remains unclear. These
researches might be useful to detect the role of NCAPD2
for immunotherapy in pan-cancer especially lung cancer.

Here, we investigate the expression of NCAPD2 in
a variety of cancers and its impact on the survival of
patients with different cancers, and analyze the biological
processes it may be involved in. To further investigate the
expression levels of the NCAPD2 gene when it is mutated
in different cancers, and then explore its sensitivity to dif-
ferent anticancer drugs. Finally, its potential application
as a predictor of pan-cancer immunotherapy response
was analyzed to establish new possibilities (Fig. 1).

Materials and methods

TIMER1 database

TIMER1 (https://cistrome.shinyapps.io/timer/) database
is a comprehensive analysis of the expression of NCAPD2
mRNA in various cancer tissues and normal tissues,
which can explore the correlation between NCAPD2
expression and levels of immune invasion in different
cancer types and generate a scatter plot. The “SCNA”
module provided a comparison of the levels of tumor
infiltration with different copy number alterations of
NCAPD?2 in LUAD and LUSC [18]. For the abbreviation
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of cancer names in the TCGA database, see Supplemen-
tary Table 1.

GSCA database

GSCA database can detect the expression of NCAPD2
in different cancer stages (including stage I to stage IV).
To explore the mRNA expression of NCAPD?2 after DNA
methylation in different cancers. Ultimately, we can
explore the correlation between NCAPD2 and drug sen-
sitivity [19].

UALCAN database

UALCAN portal provides the total protein expression of
NCAPD2 analysis option using data from Clinical Pro-
teomic Tumor Analysis Consortium (CPTAC) [20]. Then
enter the NCAPD2 gene and cancer on the website and
click “Explore” module.

GEPIA2 and Kaplan-Meier plotter

The GEPIA2 database (http://gepia2.cancer-pku.
cn/#analysis) was used to analyze NCAPD2 mRNA
expression levels in tumors without normal tissues.
In addition, GEPIA2 can also detect the expression of
NCAPD2 in OV and CESC, and the survival contribu-
tion of NCAPD2 in multiple cancer types and provides
survival maps of Overall survival (OS) and Disease-free
survival (DFS) [21]. The Kaplan Meier plotter is capable
of assessing the correlation between the expression of
NCAPD2 and survival in five tumor types including
breast, ovarian, lung, gastric and liver cancer [22].

GO enrichment analysis

NCAPD2 was analyzed using the STRING database
(https://string-db.org/) which contains 20 highly sig-
nificant proteins that interact with it [23]. Subsequently,
We used GEPIA2 database to explore the top 60 similar
genes of NCAPD2 in various cancers. Herein, we col-
lected the interaction between two groups, and further
identified their common members. After intersection
analysis, a Venn diagram was formed. Next, we analyzed
GO enrichment and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis by using the data-
base for annotation, visualization and integrated discov-
ery (DAVID) database (https://david.ncifcrf.gov/) [24].
Then, we used TIMER1 to investigate the relationship of
NCAPD2 with three interactors. After logging into the
bioinformatics (http://www.bioinformatics.com.cn) web-
site, we get visualization and modeling of biomedical data
[25].

cBioPortal database

The cBioPortal database (http://www.cbioportal.org/)
provides the mutation frequency, copy number altera-
tion and mutation type of NCAPD2. Herein, “TCGA
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pan-cancer atlas studies” was used to further detect
NCAPD?2 alterations in pan-cancer. Moreover, the cor-
relation between mutation of NCAPD2 gene and pro-
gression-free survival (PES) and DFS of patients can be
explored in the “Survival” module [26].

SangerBox database

We utilized the SangerBox website (http://www.sanger-
box.com/tool) to evaluate the relationships between
the NCAPD2 expression and immune cell types, mic-
rosatellite instability (MSI), tumor mutational burden
(TMB), loss of heterozygosity (LOH), mutant-allele
tumor heterogeneity (MATH), homologous recombina-
tion deficiency (HRD), ploidy and tumor stemness by the
Pearson’s method [27]. We employed Estimation of Stro-
mal and Immune cells in LUAD and LUSC using Expres-
sion data (ESTIMATE).

TISIDB

We identified the relationship of NCAPD2 and two
immunomodulators utilizing the portal of tumor immune
system interaction (TISIDB) (http://cis.hku.hk/TISIDB/).
Then, we explored the relevance of NCAPD2 expression
and immune subtypes in LUAD and LUSC [28].

HPA database

Analysis of NCAPD2 protein expression has been used
the Human Protein Atlas (HPA) database in LUAD and
LUSC (https://www.proteinatlas.org/).

Statistical analysis

We plotted receiver operating characteristic (ROC)
curves using the R package “survival ROC’, and the area
under the ROC curve was used to assess the prognostic
performance of the NCAPD2 score. RNA-sequencing
expression profiles and corresponding clinical informa-
tion for NCAPD2 were downloaded from the TCGA
dataset (https://portal.gdc.com). R package was used to
build Sankey diagram. CellMiner dataset on NCAPD2
and multiple drugs in different tumors were deteccted
(https://discover.nci.nih.gov/cellminer/). Scatter graphs
are built based on R software packages. P<0.05 was con-
sidered statistically significant.

Results

NCAPD?2 expression is up-regulated in pan-cancer
Compared with normal tissues, NCAPD2 mRNA expres-
sion was significantly increased in digestive, urinary,
female reproductive and respiratory system tissues
(Fig. 2A, all P<0.05). Since TIMER1 does not currently
include normal tissues, we analyzed the NCAPD2 mRNA
expression of other tumor tissues in GEPIA2 database
instead. Then, we discovered the mRNA expression of
NCAPD2 was higher in various cancer types, including
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database. (B) The NCAPD2 mRNA expression in different cancers

1

compared with normal tissues in GEPIA2 databases. (C) The protein expression of NCAPD2 in CTPAC. (D) the expression of NCAPD?2 in different cancer

Fig. 2 Expression of NCAPD2 in pan-cancer. (A) The NCAPD2 mRNA levels in the TIMER
stages (*P<0.05, **P<0.01, ***P<0.001)
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DLBC, LGG, OV, SARC, TGCT and THYM (Fig. 2B, all
P<0.05). However, the expression of NCAPD2 in ACC,
LAML and UCS was no statistical significance (Supple-
mentary Fig. 1). Based on UALCAN portal, the protein
expression of NCAPD2 was also up-regulated among
the BRCA, COAD, UCEC, Clear cell RCC, LUAC,
PAAD, HNSC and GBM (Fig. 2C, all P<0.05). Moreover,
GSCA and GEPIA2 database showed that the expres-
sion of NCAPD2 was related to the stage of the certain
cancers, and the expression level of NCAPD2 in LUAD,
ACC, KIRP, BRCA, KIRC, ESCA and TGCT showed a
gradual upward trend with the increase of clinical and
pathological stage. In SKCM and LIHC, the expression of
NCAPD?2 decreased gradually with the increase of patho-
logical stage (Fig. 2D, Supplementary Table 2, P<0.05).
These data suggested that NCAPD2 was highly expressed
and played an oncogene role in multiple cancers.

High NCAPD2 expression predicts poor prognosis in pan-
cancer

In GEPIA2, we investigated that the OS of NCAPD2 high
expression group was obviously shorter than the low one,
including the ACC, LIHC, LGG, LUAD, MESO, SARC
and SKCM (Fig. 3A, all P<0.05). In addition, the DFS of
NCAPD2 was significantly shorter in the high expression
group than in the low expression group, covering ACC,
LIHC, LGG, PAAD and SARC (Fig. 3B, all P<0.05). Simi-
larly, the expression of NCAPD2 was considerably asso-
ciated with poor survival in breast cancer (OS: P=0.011,
RFS: P=0.00094, DMFS: P=7.4E-06), OV (OS: P=0.0086,
PES: P=2E-04), lung cancer (OS: P=0.00053), gastric
cancer (OS: P=0.013, FP: P=0.00025) and liver cancer
(OS: P=3E-05, RFS: P=0.005, PFS: P=0.00079, DSS:
P=8.9E-05) (Fig. 3C). These findings clearly showed that
the high NCAPD2 expression was significantly associ-
ated with poor prognosis in cancer patients, which could
be a important marker for all types of cancer.

NCAPD2 and related genes are involved in immune
processes in pan-cancer

In order to evaluate the molecular mechanism of
NCAPD?2 in oncogenesis and progression, we then per-
formed enrichment analysis. We analyzed a total of 20
NCAPD2-interacting proteins in the STRING database
(Fig. 4A). In the following steps, the GEPIA2 was used
to integrate the top 60 genes most similar to NCAPD2
(Supplementary Table 3). The KEGG analysis revealed
that these 80 genes were primarily concentrated in ways
related to the “cell cycle’, “oocyte meiosis’, “DNA replica-
tion” and “p53 signaling pathway” (Fig. 4B). The biologi-
cal process (BP) analysis revealed that these genes were
mainly related to “cell division’, “mitotic nuclear divi-
sion’, “sister chromatid cohesion” and “hypermutation
of immunoglobulin genes” (Fig. 4C). Interestingly, the
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somatic hypermutation of immunoglobulin genes partic-
ipated in the immune response, suggesting that NCAPD2
may be related to the immune process. The findings of
cellular component (CC) and molecular function (MF)
were consistent with the above (Fig. 4D). In addition,
the Venn diagram of the above-mentioned two groups
obtained three common members, namely NCAPG,
NCAPH and ASPM (Fig. 4E). NCAPG, NCAPH and
ASPM have strong positive correlations with NCAPD2
expression in different cancers, especially in THYM
(Fig. 4F). NCAPD2 was consistent with NCAPH,
NCAPG and ASPM in the mulberry plot of data flow
distribution in THYM classification with different clini-
copathological parameters (Fig. 4G). Collectively, these
evidences suggested that NCAPD2 might be involved in
DNA repair, p53 signaling pathway, immune response
and targeted ASPM protein.

Alterations of NCAPD2 gene are associated with
development and progression of pan-cancer

It is widely acknowledged that genomic alteration is
almost associated with tumorigenesis. In UCEC, SKCM
and COAD, NCAPD?2 alteration showed comparatively
high mutation level, and the high amplification level of
NCAPD2 in TGCT, UCS, OV (Fig. 5A). There were 153
missense, 23 truncating, 9 splice, and 3 fusion mutations
between amino acids 0 and 1401. Among R1241S/C/H
was the most frequent mutation site and discovered in
STAD (n=1), LGG (n=1) and SKCM (n=2) (Fig. 5B).
Compared with patients with NCAPD2 alterations,
the LUSC patients without altered NCAPD2 had better
prognosis in PFS (P=0.0242) and DFS (P=0.0144). Both
ESCA (P=0.0316) and LGG (P=5.877E-3) patients with-
out NCAPD?2 alterations had longer survival than with
NCAPD?2 alterations (Fig. 5C). Our findings indicated
that NCAPD2 expression was significantly positively
associated with MSI, LOH, MATH and ploidy in most
tumors (Fig. 5D). Through the intersection analysis of
the above four groups, we obtained 15 cancers in which
NCAPD2 was changed in different genetic heterogeneity
(Fig. 5E). Consistent with these observations, NCAPD2
DNA methylation was significantly negatively correlated
with NCAPD2 gene expression in most cancers (Fig. 5F).
The above results indicated that the gene alteration of
NCAPD2 might promote the occurrence and develop-
ment of tumors.

NCAPD?2 expression is associated with cancer stemness
and drug sensitivity in pan-cancer

Several studies have recently indicated that cancer
stemness index plays a key role in tumor pathology and
shows potential drug targets for anticancer therapies.
We observed a positive correlation between NCAPD2
and cancer stemness: DNAss and RNAss (Fig. 6A).
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Fig. 3 Survival analysis of NCAPD2 in pan-cancer. (A) The OS of patients with
with NCAPD2 in breast, ovarian, gastric, lung and liver cancer (all P<0.05)

Consistently, NCAPD2 expression had a significantly
positive correlation with HRD score in most cancers,
which evaluated as predictors of response to neoadjuvant
platinum-based therapy (Fig. 6B). Our studies showed
that NCAPD2 expression had significant positive asso-
ciations with TMB in most cancers (Fig. 6C). According
to the data of GDSC and CTRP, the relationship between

NCAPD2. (B) The DFS of patients with NCAPD2. (C) The survival of patients

NCAPD?2 expression level and drug sensitivity was ana-
lyzed. Our studies found that pevonedistat, topotecan,
vorinostat, navitoclax and other drugs were highly sen-
sitive to NCAPD?2. In contrast, NCAPD2 was resistant
to drugs such as trametinib and selumetinib (Fig. 6D).
Using CellMiner, the expression of NCAPD2 in ICG-001
and Volitinib was negatively correlated with IC;) and
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expression levels of NCAPD2 and NCAPG, NCAPH, and ASPM in THYM

positively with clofarabine and gemcitabine (Fig. 6E). We
speculated that these indicators may benefit from pre-
dicting immunotherapies and NCAPD2 might be a spe-
cific molecular target for the study of targeted drugs.

NCAPD?2 is correlated with immune infiltration in LUAD
and LUSC

On the basis of the above analysis, we speculated that
NCAPD2 was related to different immune cell types in
TME. The result showed that NCAPD2 was positively
correlated with activated CD4" T cells, Th2 and mem-
ory B cells in most tumors, such as LUAD, PRAD, etc.
(r>0, P<0.05) (Fig. 7A). Since the pathologic types of the
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tumors were mostly squamous carcinoma and adeno-
carcinoma, we selected LUSC and LUAD as following
studies. Further analysis showed that the relationship
between NCAPD2 expression level and the infiltration
of CAFs and CD4*'T cells were positive in LUAD and
LUSC, but negative in DCs (P<0.05) (Fig. 7B). To further
examine the association between NCAPD2 expression
and immunomodulators, we identified that NCAPD2
expression was positive correlation linked with CD276
in LUAD and LUSC (r>0, P<0.05) (Fig. 7C). For major
histocompatibility complex (MHC), there were negative
correlations with NCAPD2 expression in HLA-DPB1
(r<0, P<0.05) (Fig. 7D). The above results confirmed that
NCAPD2 may influence antitumor immunity by control-
ling TME composition, especially in LUAD and LUSC.

NCAPD?2 is a potential biomarker of immunotherapy in
LUAD and LUSC

IHC staining of HPA confirmed positive and strongly
positive expression of NCAPD2 protein in LUAD and
LUSC tissues (Fig. 8A). NCAPD2 gene expression
was significantly higher in LUAD and LUSC (P<0.05)
(Fig. 8B). The diagnostic value was assessed using the

ROC curve analysis in LUSC, the area under curve
(AUC) was 0.897 at 1 year, 0.675 at 3 years and 0.781 at
5 years. Furthermore, the AUC in this risk signature was
0.642, 0.752 and 0.716 for predicting 1 year, 3 years and 5
years survival, respectively in LUAD (Fig. 8C). Our fur-
ther study found that the expression level of NCAPD2
was closely correlated with immune subtypes in LUAD
and LUCS (P<0.05) (Fig. 8D). With the Pearson method,
the NCAPD2 mRNA expression was negatively corre-
lated with ESTIMATEScore, ImmuneScore and Stro-
malScore in LUAD and LUSC (Fig. 8E, all P<0.05).
Compared with normal somatic copy number alterations
(SCNA), the tumor infiltration levels were higher in DCs
with different SCNA of NCAPD2 in LUAD and LUSC,
and arm level gain frequently occurred in most TIICs
(Fig. 8F, P<0.05). These findings suggested that NCAPD2
could be an immune related biomarker on the efficacy of
immunotherapy and a prognostic marker for LUAD and
LUSC.
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Discussion
As a key cell cycle regulator, NCAPD2 was significantly
increased and predicted poor prognosis in BRCA [29].
In our study, we found that the mRNA expression level
of NCAPD2 was significantly increased in most cancers
except ACC, LAML and UCS. One-point worth noting
was that the expression level of NCAPD2 was positively
correlated with clinical stage and shorter survival (OS
and DFS) in most cancer patients. However, its expres-
sion in ACC is not significant, which might be related
to the number of cases and needs further verification.
Most notable, NCAPD2 had diagnostic value in patients
with LUAD and LUSC. Therefore, our research provided
insights into the application of NCAPD2 as pan-cancer
prognostic markers.

As is well known, somatic mutation was one of the
main mechanisms involved in tumorigenesis [30]. Hud-
nall et al. reported that NCAPD2 was amplified in all

five cell lines of hodge lymphoma [31]. Studies have
also revealed that a novel homozygous splice site vari-
ant in the NCAPD2 gene caused primary microcephaly
[32]. Our studies showed that NCAPD2 has frequent
alteration in pan-cancer, and amplification as the most
commonly occurring type of alteration, whereas struc-
tural variant was the rarest. Subsequently, we found that
NCAPD2 gene expression was related with the mark
score of tumor heterogeneity, contains MSI, ploidy,
MATH and LOH. Tumor heterogeneity is not only
related to coding region mutations, but also included
many epigenetic mechanisms, including DNA methyla-
tion and chromatin remodeling, that promote diversity
within tumors [3]. Huang et al. confirmed that NCAPD2
was associated with two H3K9 demethylases, KDM3A
and KDMA4C [33]. Similarly, our studies indicated that
NCAPD2 may regulate the tumor progression by mediat-
ing DNA repair and DNA methylation across cancers.
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NCAPD2-interacted proteins and NCAPD2 similar
genes in pan-cancer were integrated, and three com-
mon genes were obtained. Current researches showed
that NCAPH up-regulated predicts a poor prognosis of
prostate cancer patients and NCAPG promotes the pro-
gression of LUAD []. ASPM, an abnormal spindle like
microcephaly associated protein, which is overexpressed
in 27 cancers. Vincent et al. demonstrated that ASPM
was an essential regulator of Wnt-Diseveled-3-p-catenin
signaling and cancer stemness in prostate cancer, which
can promote prostate cancer cells proliferation [35].
Another study identified that ASPM increased levels of
immune cell infiltration in KIRC and LIHC [36]. Nota-
bly, enrichment analysis showed that NCAPD2 was asso-
ciated with the Wnt signaling, which perhaps indicated
NCAPD2 and ASPM may promote the development of
various tumors immunity via Wnt signaling pathway.

In this study, another essential finding was that the
expression of NCAPD2 gene is related to stemness index
in most cancers. Higher DNAss and RNAss index values
were associated with active BP in cancer stem cells and

greater tumor dedifferentiation [37]. Importantly, the
stemness index was significantly correlated with immune
microenvironment content [38]. Our studies showed that
NCAPD?2 was significantly associated with immune infil-
tration in LUAD and LUSC. A recent study reported that
the blockage of fibroblast growth factor/fibroblast growth
factor receptor pathway can affect CAFs in LUAD, and
inhibit the formation of lung epithelial cells [39]. In our
research, CAFs are highly expressed in NCAPD2, which
may be partly responsible for the poor prognosis in
LUAD and LUSC patients. Kwak et al. revealed that the
complement activation via a C3/C5-dependent pathway
alters CD4+T lymphocytes in lung cancer and drives
immune escape mechanism [40]. Besides, the homeosta-
sis formed by each subset of CD4+T cells is of weight for
maintaining the immune function of lung cancer patients
[41]. In LUAD and LUSC, NCAPD?2 expression was not
only positively correlated with CD4+T cells, but also
Th2 cells, which may imply that the ratio of Thl cells to
Th2 cells in CD4+T cells is unbalanced, thus promoting
tumor growth.
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Recent reports elucidated that B7-H3 (B7 homo-
log 3 protein, also known as CD276) controlled can-
cer progression and prolonged the survival of patients
via targeted chimeric antigen receptor (CAR)-T cells
and CAR-NK cells [42, 43]. Lyu et al. identified that
HLA-DPB2/HLA-DPB1 axis exerts an anticancer role
by recruiting TILs cells and NK cells into the TME, and
combined with immune checkpoint inhibitors may opti-
mize the immunotherapy for breast cancer [44]. Subse-
quently, the transcriptome analysis showed that stromal
and immune components in TME is positively related to
LUAD and LUSC, emphasized the impact of the interac-
tion between tumor cells and immune cells. In particu-
lar, we discovered that NCAPD?2 is higher expressed in
the C1 and C2 immune subtype (immunotherapy sensi-
tivity) of LUAD and LUSC. We speculate that targeting
NCAPD2 may help predict efficacy of immunotherapy.
Moreover, topotecan (a topoisomerase I inhibitor) was
highly drug sensitive in NCAPD2-overexpression cancer
cells in this study. Their studies were consistent with ours,
topotecan has shown remarkable efficacy in the treat-
ment of leukemia, retinoblastoma and neuroblastoma in
clinical and trials study [45-47]. Interestingly, topote-
can also was an commonly used chemotherapy drug for
lung cancer which triggers DCs activation and cytokine
production [48]. These findings revealed that topotecan

combined with immunotherapy can effectively target
NCAPD?2 to against cancer progression, but the specific
mechanism of action still needs to be further confirmed.

In conclusion, our comprehensive first evaluated the
role of NCAPD2 expression in the pan-cancer. Fur-
ther analysis illustrated the characterization of LUAD
and LUSC and highlights its worthy study of immune
response and immunotherapy. It is crucial to study the
biological impact and the mechanism of NCAPD2 in
vitro and in vivo. The results presented here may provide
new perspectives for the investigation of NCAPD?2 as a
potential cancer target.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/541021-023-00291-4.

Supplementary Material 1: Supplementary Figure 1. Analysis of
NCAPD?2 expression levels in ACC, LAML and UCS based on GEPIA2
database

Supplementary Material 2: Supplementary Table 1. The cancer types
included in the TCGA pan-cancer data

Supplementary Material 3: Supplementary Table 2. Correlation
between the NCAPD2 expression and the clinical or pathologic stage (I-1V)
in pan-cancer

Supplementary Material 4: Supplementary Table 3. The top 60 genes
most similar to NCAPD2 in GEPIA2 database



https://doi.org/10.1186/s41021-023-00291-4
https://doi.org/10.1186/s41021-023-00291-4

Feng et al. Genes and Environment (2024) 46:2

Acknowledgements

We thank professor Zhenhua Lin (Key Laboratory of Pathobiology of High
Frequency Oncology in Ethnic Minority Areas, Yanbian University Hospital,
Yanji, China.) for providing helpful insights and suggestions.

Authors’ contributions

LF made substantial contributions to conception and design, acquisition of
data, and analysis and interpretation of data. LF, YY and MC were involved in
drafting the article. YY, MC and ZL were mainly responsible for editing the data
and revised the article critically for important intellectual content. AJ and AC
had given final approval of the version to be published. All authors read and
approved the final manuscript.

Funding

This work was supported by the Project of Science and Technology
Department of Jilin Province (No. 210101207), the National Natural Science
Foundation of China (No. 82160552) and the Project of Education Department
of Jilin Province (JJKH20220554KJ).

Data Availability

RNAseq data in TPM format for TCGA and GTEXx for pan-cancer. Drug sensitivity
data was provided by CellMiner (https://discover.nci.nih.gov/cellminer/home.
do) and GSCA database (http://bicinfo.life.hust.edu.cn/GSCA/#/), which are
publicly available. The data of TIMER1 database, GSCA database, UALCAN
database, GEPIA2 database, Kaplan Meier plotter, cBioPortal database,
SangerBox website, TISIDB database and HPA database were directly used for
analysis.

Declarations

Conflict of interest
The authors declare no competing interests.

Received: 18 March 2023 / Accepted: 20 November 2023
Published online: 03 January 2024

References

1. ChenF, FanY, Cao P et al. Pan-Cancer Analysis of the Prognostic and Immu-
nological Role of HSF1: A Potential Target for Survival and Immunotherapy.
Oxid Med Cell Longev 2021; 2021: 5551036.

2. Burrell RA, McGranahan N, Bartek J, et al. The causes and consequences of
genetic heterogeneity in cancer evolution. Nature. 2013;501(7467):338-45.

3. MazorT, Pankov A, Johnson BE, et al. DNA methylation and somatic muta-
tions converge on the cell cycle and define similar evolutionary histories in
brain tumors. Cancer Cell. 2015;28(3):307-17.

4. Chen Z Fillmore CM, Hammerman PS, et al. Non-small-cell Lung Cancers: a
heterogeneous set of Diseases. Nat Rev Cancer. 2014;14(8):535-46.

5. Feinberg AP.The Key Role of epigenetics in Human Disease Prevention and
Mitigation. N Engl J Med. 2018;378(14):1323-34.

6. Quail DF, Joyce JA. Microenvironmental regulation of Tumor progression and
Metastasis. Nat Med. 2013;19(11):1423-37.

7. TangY, Zhang AXJ, Chen G, et al. Prognostic and therapeutic TILs of cervical
cancer-current advances and future perspectives. Mol Ther Oncolytics.
2021,22:410-30.

8. Orimo A, Gupta PB, Sgroi DC, et al. Stromal fibroblasts present in invasive
human breast carcinomas promote Tumor growth and angiogenesis through
elevated SDF-1/CXCL12 secretion. Cell. 2005;121(3):335-48.

9. Polanska UM, Orimo A. Carcinoma-associated fibroblasts: non-neoplastic
tumour-promoting mesenchymal cells. J Cell Physiol. 2013;228(8):1651-7.

10.  Ribas A, Wolchok JD. Cancer immunotherapy using checkpoint blockade.
Science. 2018;359(6382):1350-5.

11. Hegde PS, Chen DS.Top 10 challenges in Cancer Immunotherapy. Immunity.
2020;52(1):17-35.

12. Schmiesing JA, Gregson HC, Zhou S, et al. A human condensin complex
containing hCAP-C-hCAP-E and CNAP1, a homolog of Xenopus XCAP-D2,
colocalizes with phosphorylated histone H3 during the early stage of mitotic
chromosome condensation. Mol Cell Biol. 2000;20(18):6996-7006.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

37.

38.

39.

Page 12 of 13

Ball AR Jr, Schmiesing JA, Zhou C, et al. Identification of a chromosome-
targeting domain in the human condensin subunit CNAP1/hCAP-D2/Eg7.
Mol Cell Biol. 2002;22(16):5769-81.

Zhang P, Liu L, Huang J, et al. Non-SMC condensin | complex, subunit D2
gene polymorphisms are associated with Parkinson’s Disease: a Han Chinese
study. Genome. 2014;57(5):253-7.

Zhao Q, Zhang Y, Shao S, et al. Identification of hub genes and biological
pathways in hepatocellular carcinoma by integrated bioinformatics analysis.
Peer). 2021;9:210594.

Jing Z, He X, Jia Z, et al. NCAPD2 inhibits autophagy by regulating Ca2+/
CAMKK2/AMPK/mTORCT pathway and PARP-1/SIRT1 axis to promote
Colorectal cancer. Cancer Lett. 2021;520:26-37.

Wu'Y, LinY, Pan J, et al. NCAPG promotes the progression of lung adenocarci-
noma via the TGF-B signaling pathway. Cancer Cell Int. 2021;21(1):443.

LiT, Fan J,Wang B, et al. TIMER: a web server for comprehensive analysis of
tumor-infiltrating immune cells. Cancer Res. 2017,77(21):e108-10.

Liu CJ, Hu FF, Xia MX et al. GSCALite: a web server for gene set cancer analysis.
Bioinformatics 2018; 1;34(21):3771-3772.

Chandrashekar DS, Karthikeyan SK;, Korla PK; et al. UALCAN: an update to the
integrated cancer data analysis platform. Neoplasia. 2022,25:18-27.

Tang Z,Kang B, Li C, et al. GEPIA2: an enhanced web server for large-

scale expression profiling and interactive analysis. Nucleic Acids Res.
2019;47(W1):W556-60.

Hou GX, Liu P, Yang J, et al. Mining expression and prognosis of topoisomer-
ase isoforms in non-small-cell Lung cancer by using Oncomine and Kaplan-
Meier plotter. PLoS ONE. 2017;12(3):e0174515.

Szklarczyk D, Gable AL, Nastou KC, et al. The STRING database in 2021: cus-
tomizable protein-protein networks, and functional characterization of user-
uploaded gene/measurement sets. Nucleic Acids Res. 2021;49(D1):D605-12.
Huang da W, Sherman BT, Lempicki RA. Systematic and integrative analysis
of large gene lists using DAVID bioinformatics resources. Nat Protoc.
2009;4(1):44-57.

Bardou P, Mariette J, Escudié F, et al. Jvenn: an interactive Venn diagram
viewer. BMC Bioinformatics. 2014;15(1):293.

Gao J, Aksoy BA, Dogrusoz U, et al. Integrative analysis of complex cancer
genomics and clinical profiles using the cBioPortal. Sci Signal. 2013;6(269):pl1.
Hu J, Qiu D, Yu A, et al. YTHDF1 is a potential Pan-cancer Biomarker for Prog-
nosis and Immunotherapy. Front Oncol. 2021;11:607224.

Ru B, Wong CN, Tong Y, et al. TISIDB: an integrated repository portal for tumor-
immune system interactions. Bioinformatics. 2019;35(20):4200-2.

ZhangY, Liu F, Zhang C, et al. Non-SMC Condensin | Complex Subunit D2 is a
prognostic factor in Triple-negative Breast Cancer for the ability to promote
cell cycle and enhance Invasion. Am J Pathol. 2020;190(1):37-47.

Balmain A. The critical roles of somatic mutations and environmental tumor-
promoting agents in cancer risk. Nat Genet. 2020;52(11):1139-43.

Hudnall SD, Meng H, Lozovatsky L, et al. Recurrent genetic defects in classical
Hodgkin Lymphoma cell lines. Leuk Lymphoma. 2016;57(12):2890-900.

LinY, Zeng C, Lu Z, et al. A novel homozygous splice-site variant of NCAPD2
gene identified in two siblings with primary microcephaly: the second case
report. Clin Genet. 2019;96(1):98-101.

Huang B, Wang B, Yuk-Wai Lee W, et al. KDM3A and KDM4C regulate mesen-
chymal stromal cell senescence and bone aging via Condensin-mediated
heterochromatin reorganization. iScience. 2019;21:375-90.

Cui F, Hu J, Xu Z Et a I. overexpression of NCAPH is upregulated and predicts
a poor prognosis in Prostate cancer. Oncol Lett. 2019;17(6):5768-76.

Pai VC, Hsu CC, Chan TS, et al. ASPM promotes Prostate cancer stemness

and progression by augmenting Wnt-Dvl-3-B3-catenin signaling. Oncogene.
2019;38(8):1340-53.

DengT, LiuY, Zhuang J, et al. ASPM is a prognostic biomarker and correlates
with Immune infiltration in kidney renal clear cell carcinoma and liver Hepa-
tocellular Carcinoma. Front Oncol. 2022;12:632042.

Ben-Porath |, Thomson MW, Carey VJ, et al. An embryonic stem cell-like gene
expression signature in poorly differentiated aggressive human tumors. Nat
Genet. 2008;40(5):499-507.

Lei X, LeiY, Li JK, et al. Immune cells within the Tumor microenvironment:
Biological functions and roles in cancer immunotherapy. Cancer Lett.
2020;470:126-33.

Hegab AE, Ozaki M, Kameyama N, et al. Effect of FGF/FGFR pathway blocking
on lung adenocarcinoma and its cancer-associated fibroblasts. J Pathol.
2019;249(2):193-205.


https://discover.nci.nih.gov/cellminer/home.do
https://discover.nci.nih.gov/cellminer/home.do
http://bioinfo.life.hust.edu.cn/GSCA/#/

Feng et al. Genes and Environment

40.

41.

42.

43.

44,

45.

(2024) 46:2

Kwak JW, Laskowski J, Li HY, et al. Complement activation via a C3a receptor
pathway alters CD4*T lymphocytes and mediates Lung Cancer Progression.
Cancer Res. 2018;78(1):143-56.

Zheng X, HuY, Yao C. The paradoxical role of tumor-infiltrating immune cells
in Lung cancer. Intractable Rare Dis Res. 2017,6(4):234-41.

Miyamoto T, Murakami R, Hamanishi J, et al. B7-H3 suppresses Antitumor
Immunity via the CCL2-CCR2-M2 Macrophage Axis and contributes to Ovar-
ian Cancer Progression. Cancer Immunol Res. 2022;10(1):56-69.

Yang S, Cao B, Zhou G, et al. Targeting B7-H3 Immune Checkpoint with chi-
meric Antigen receptor-Engineered Natural Killer cells exhibits potent cyto-
toxicity against Non-small Cell Lung Cancer. Front Pharmacol. 2020;11:1089.
Lyu L, Yao J, Wang M, et al. Overexpressed pseudogene HLA-DPB2 promotes
Tumor Immune infiltrates by regulating HLA-DPB1 and indicates a better
prognosis in Breast Cancer. Front Oncol. 2020;10:1245.

Rowinsky EK, Adjei A, Donehower RC, et al. Phase | and pharmacodynamic
study of the topoisomerase I-inhibitor topotecan in patients with refractory
acute Leukemia. J Clin Oncol. 1994;12(10):2193-203.

46.

47.

48.

Page 13 of 13

Brennan RC, Qaddoumi |, Mao S, et al. Ocular Salvage and Vision Preservation
using a Topotecan-based regimen for Advanced intraocular retinoblastoma. J
Clin Oncol. 2017;35(1):72-7.

Zhang L, Marrano P, Wu B, et al. Combined Antitumor Therapy with
Metronomic Topotecan and Hypoxia-activated Prodrug, Evofosfamide, in
Neuroblastoma and Rhabdomyosarcoma Preclinical models. Clin Cancer Res.
2016;22(11):2697-708.

Wan B, XuWJ, Zhan P, et al. Topotecan alleviates ventilator-induced lung
injury via NF-kB pathway inhibition. Cytokine. 2018;110:381-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿NCAPD2 is a favorable predictor of prognostic and immunotherapeutic biomarker for multiple cancer types including lung cancer
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿TIMER1 database
	﻿GSCA database
	﻿UALCAN database
	﻿GEPIA2 and Kaplan-Meier plotter
	﻿GO enrichment analysis
	﻿cBioPortal database
	﻿SangerBox database
	﻿TISIDB
	﻿HPA database
	﻿Statistical analysis

	﻿Results
	﻿NCAPD2 expression is up-regulated in pan-cancer
	﻿High NCAPD2 expression predicts poor prognosis in pan-cancer
	﻿NCAPD2 and related genes are involved in immune processes in pan-cancer
	﻿Alterations of NCAPD2 gene are associated with development and progression of pan-cancer
	﻿NCAPD2 expression is associated with cancer stemness and drug sensitivity in pan-cancer
	﻿NCAPD2 is correlated with immune infiltration in LUAD and LUSC
	﻿NCAPD2 is a potential biomarker of immunotherapy in LUAD and LUSC

	﻿Discussion
	﻿References


